Background Atrioventricular junctional (AV nodal) reentrant tachycardia can be cured by catheter ablation of the slow pathway, which is part of the reentrant circuit. Previous work has suggested that extracellular double potentials may help identify the site of the slow pathway, but the origin and significance of these potentials are controversial. The aim of this study was to identify the source of these potentials.
Background Atrioventricular junctional (AV nodal) reentrant tachycardia can be cured by catheter ablation of the slow pathway, which is part of the reentrant circuit. Previous work has suggested that extracellular double potentials may help identify the site of the slow pathway, but the origin and significance of these potentials are controversial. The aim of this study was to identify the source of these potentials.
Methods and Results Studies were performed in isolated, blood-perfused porcine (n=8) and canine (n=4) hearts. Several methods were used to identify the origin of potentials: microelectrode recording, extracellular mapping, pacing from multiple sites, and light microscopy. Two types of double potentials, similar to those found in humans, were found in all hearts. LH potentials consisted of a low-frequency deflection followed by a high-frequency deflection during sinus rhythm or anterior septal pacing. HL potentials consisted of a highfrequency deflection followed by a low-frequency deflection. LH potentials were found close to the coronary sinus orifice. They were caused by asynchronous activation of the sinus septum and the region between the coronary sinus orifice and tricuspid annulus. HL double potentials were found along the tricuspid annulus. They were caused by asynchronous activation of two cell layers. The high-frequency component was caused by depolarization of atrial-type cells in the deep subendocardial layer. The low-frequency component was caused by depolarization of cells with nodal characteristics close to the endocardium. These cells were present around the entire tricuspid annulus, were not part of the compact AV node, and could be dissociated from the bulk of the atria by rapid atrial pacing.
Conclsuions LH potentials are caused by asynchronous activation of muscle bundles above and below the coronary sinus orifice. Their proximity to the site of the slow pathway is probably serendipity. HL 4 (AVJRT) can be cured by catheter ablation of 1k sites near the coronary sinus orifice.1-3 This technique damages the slow pathway, part of the reentrant circuit used by this tachycardia. Previous work has suggested that double potentials in extracellular electrograms may help to locate the slow pathway so as to target the delivery of radiofrequency energy.1'3 The origin of double potentials is unknown, but it has been suggested that they are caused by depolarization of the slow pathway or its atrial termination.'3 The significance of double potentials, however, is controversial, because slow pathway ablation can be achieved at sites at which the potentials are absent.2,4 Moreover, these potentials may be found at sites distant from the slow pathway and in humans and animals without arrhythmias. 15, 6 The aim of this study was to determine the tissues of origin of these potentials. A secondary aim was to use microelectrodes to examine cellular electrophysiology of the perinodal region in blood-perfused large mammal hearts, since previous studies have been limited to superfused preparations. [7] [8] [9] [10] [11] [12] [13] Methods Studies were performed in isolated, blood-perfused porcine and canine hearts and conformed to the guiding principles of the American Physiological Society. The following protocol was used. A roving unipolar electrode was used to determine the distribution of double potentials in Koch's triangle and surrounding regions. Next, "semibipolar" electrodes (see below) were used to determine which components of the double electrogram were caused by local depolarization and which were caused by far-field signals. If a component of the double potential was caused by a far-field signal, semibipolar electrodes were used to search for the source of this signal. Then the heart was paced sequentially from several sites to alter the direction of atrial excitation. Diacetyl monoxime (DAM) was then added to the perfusate to dampen cardiac contraction, and microelectrodes were used to examine the action potentials of cells at the sites of double potentials. Microelectrode recordings were made simultaneously with extracellular recordings. Finally, the recording sites of double potentials were marked and examined by light microscopy. Since 
Histological Studies
Histological studies were performed in three porcine hearts. In these hearts, pins were placed at sites where high-frequency deflection followed by a low-frequency deflection (HL) double potentials were recorded. Sections were stained with hematoxylin and eosin and elastic van Gieson stains and examined by light microscopy.
Results

Experimental Preparation
Hearts maintained stable AV and ventriculoatrial (VA) conduction for up to 4 hours after perfusion began. Sinus rhythm was present initially, but after the atriotomy, which transected the sinus node and sinus node artery, sinus rhythm was present in only 25% of hearts. In the remaining hearts, the spontaneous rhythm originated in either the AV junction or the posterior or lateral right atrium. After addition of DAM to the perfusate, it was possible to achieve stable microelectrode impalements in all hearts. Impalements could be maintained for periods as long as (Fig 1D, 1E, and iF).
Distribution of Double Potentials
The distribution of the two types of double potentials was similar in all hearts (Fig 2) . HL V/s; resting membrane potential, more negative than -75 mV). Rapid pacing caused minor decreases in dV/dtmax in these cells (Fig 5) .
The intrinsic deflection of the slow component in the extracellular electrogram coincided with depolarization of superficial cells (cells close to the right atrial endocardium). These cells had action potentials similar to those of nodal cells (dV/dtm., 5 (Fig 7) . Pacing at the site of double potentials caused reversal of the sequence of the two components so that the high-frequency component preceded the low-frequency component. Pacing of the sinus septum increased the interval between the two components.
Origin of LH Double Potentials
Recordings using microelectrodes and semibipolar electrodes indicated that LH double potentials were caused by asynchronous depolarization of two large muscle bundles above and below the coronary sinus orifice. The large high-frequency component was caused by local activation in the region between the coronary sinus orifice and tricuspid annulus. The smaller, low-frequency component was a far-field signal caused by depolarization of the sinus septum, the region above the coronary sinus orifice, lying between the latter and the orifice of the inferior vena cava. Evidence for this was as follows. (Figs 3 and 4) . (Fig 3) . A indicates atrial deflection; V, ventricular deflection. (Figs 12 and 13 ). These cells were smaller than working atrial myocardial cells, with less marked striations, and were frequently separated from one another by fine strands of connective tissue. No boundary or morphological characteristic distinguished the superficial cells with nodal-type action potentials (which caused the low-frequency component of HL double potentials) from the deeper layers (which caused the high-frequency component). Discussion The findings of this study suggest that the spatial relation between LH double potentials, similar to those described by Jackman et al,3 and the slow pathway is probably a fortunate accident. LH potentials are caused by asynchronous activation of two large muscle bundles separated by the mouth of the coronary sinus. There is no doubt that these potentials can be used to guide radiofrequency ablation of the slow pathway,3 but LH potentials appear to be a marker for the region between the coronary sinus orifice and the tricuspid annulus, where the slow pathway is frequently found,5'17'18 rather than specific for the slow pathway itself. This conclusion is supported by a previous study that used multipoint plaque electrodes and was performed in humans with AVJRT.5 In that study, LH-type potentials were found at the point of earliest atrial excitation during retrograde slow pathway conduction in four of five cases but were also found up to 16 mm from that site.5 Moreover, the largest LH double potential was found at the site of the slow pathway in only two of five cases. That study also found that the low-frequency component of the LH double electrogram coincided with local activation in the sinus septum and thus was likely to be a far-field signal. Tracings showing that local depolarization of the sinus septum coincides with the low-frequency component of lowfollowed by high-frequency deflection double potentials. Upper channel is unipolar exploring electrode (EE) recording from site inferior to coronary sinus orifice (marked "1" in inset). Lower channel is microelectrode (ME) recording from sinus septum (marked "2" in inset). The low-frequency deflection coincides with action potential upstroke in sinus septum (dashed line Most studies have used rabbit hearts that have been stretched and pinned to reduce contraction. These preparations have been superfused with crystalline solutions rather than perfused with blood. Superfusion allows only the superficial cell layers to survive; this reduces the force of contraction but may lead to artifacts because the deeper hypoxic cells interact with the surviving superficial cells. The use of DAM to dampen contractions allowed us to use blood perfusion and avoid the limitations of the superfusion technique.
Limitations of This Study
Since the double potentials of the present study were found in experimental animals rather than in humans with AVJRT, it might be argued that they are not equivalent to those described by Haissaguerre et all or by Jackman et al.3 There is considerable evidence, however, that these potentials are equivalent. The location, the relative size and timing of the two components, and the effect of pacing from various sites were similar. The low-frequency component of the HL potential decreased in size and with increasingly rapid pacing, as does the "slow potential" described by Haissaguerre. Moreover, "slow potentials" were also found in humans without AVJRT.1
The present study used unipolar rather than bipolar recording, as was used by Haissaguerre et all and Jackman et al. 3 This may have caused differences in the extracellular waveforms of double potentials in the present study compared with those found previously. We used unipolar recording because our aim was to localize the tissues of origin of double potentials. With unipolar recording, the intrinsic deflection of the extracellular electrogram coincides with the depolarization of tissue directly beneath the electrode. If bipolar electrodes had been used, activation could only have been localized to an indeterminate point between the two poles of the electrode. Our filter settings also differed from those used in the previous studies. We used a wider bandpass to lessen the chance of artifacts produced by filtering. Yet despite these differences in recording technique, the appearance and behavior of the double potentials in the present study are remarkably similar to those found in previous studies.
It is also possible that the ring of nodal-type cells around the tricuspid annulus is an artifact caused by regional ischemia or regional hypothermia. This is unlikely, however, since the distribution of these cells was similar in all hearts and "normal" atrial and nodal action potentials were found at appropriate sites nearby. Moreover, we regularly checked the endocardial temperature at these sites and found it to be 37.0TC to 37.50C. It 
